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PREFACE 


This report discusses the air ground communications problems and pussible 
solutions for low flying aircraft and helicopters in Appalachia. It 

also documents FAA activities directed at improving communications to 
heavy helicopter traffic flying to and from offshore oil and gas 
platforms in the Gulf of Mexico. 


The major effort on this task was concentrated on Appalachia although a 
related problem exists in the Gulf of Mexico. The report describes the 
Southwest Regional plan for low altitude communications over the Gult 

of Mexico as documented in appendix A. Implementation has already begun 
and if completed as planned will result in vastly improved communications 
to the low flying aircraft in this area. 
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SECTION 1.0 


SUMMARY 


1.1 OVERVIEW OF PROBLEM AND CONSTRAINTS 


A significant problem confrontins: the northeastern repion in Appalachia 

is providing reliable communications to the rapidly inereasing helicopter 

traffic flying to and from sites engaged in coal mining operations on the 

rugged terrain of the western slope of the Appalachian Mountains. The 

area of concern extends from Charleston, West Virginia to Bristol, 

Tennessee. The terrain is characterized by high steep hills surrounded 

by deep, narrow valleys into which helicopters must frequently fly. The 

helicopter thus is often located in an airspace that is cither completely 

shielded from all normal ground based FAA communications facilities, or 

if within range of a ground facility, may find that the facility is , 
occupied with tratfic zenerated by one or more high altitude aircraft ri 
which have line-of-sight access to many ground facilities. Communicat ior 

with air traffic control, flight service stations, VOR/DME, termina} 

facilities, and towers is often marginal at best. At many unimproved 

sites where helicopters are required to land, the nearest telephone 

outlet may be located at a distance of several miles. Large gaps cxist 

in low altitude communication coverage that could lead to hazardous 

flying conditions. Low flying aircraft and helicopters share the same 4 
airspace as low altitude VFR military training flights and they are often i 
unaware of these flights because of the lack of communications. ‘ 


While the problem exists throughout Appalachia, this report is restricted 

to a representative area surroundiny Charleston, West Virginia which ' 
includes Charleston, Beckley, Rainelle, and Henderson. This area is con- 
sidered typical of all Appalachia. Problems and solutions encountered 
therein should be directly applicable to similar problems encountered 
throughout the area of concern. : 


1.2 SUMMARY AND CONCLUSIONS ° 


A representative area of Appalachia surrounding Charleston, West Virvinia 
was analyzed in terms of existing helicopter traffic patterns and 
communications facilities. Traffic patterns were established trom telepoon 
interviews with pilots flying this area regularly. There did not appear 

to be a highly regulated and consistent set of flight paths due to the 
transient nature of the mining operations. Communications coverage was 
“etcrminec from computer venerated coverage contours obtained from the 

Electromagnetic Compatability Analysis Center (ECAC) through the FAA Spec- 
trum Management Branch. These data were confirmed by pilot interviews and the 
report of a single flight test previously conducted by the FAA Technical 
Center. Several possible methods for improving coverage in the area of 

study are evaluated. The changes include: 


(a) Installation of two additional Remote Communication Outlets 
(RCO) located in the mountains approximately 10 miles west ot 
Beckley, West Virginia and another 10 miles to the south at 
Flat Top Mountain. This option is considered less cost ecfiect ive 
then option (b) following. 


i ible tl sei a 


(b) Installation of a high pain, southward pointing, directional 
antenna at Charleston, West Virpinia. ‘This option is 
considered more cost effective than option (a). 


An alternative to the use of conventional vhf radio is to utilize low * 
power hf communications. The U.S. Army has considered this option for 

use with their operational helicopter furces which are freqently required 

to operate in difficult terrain. Implementation of hf radio will require 

the assignment of several frequencies in the overcrowded spectrum 

between 2 to 8 MHz. A study should be made to determine the availability 

of frequency assignments in this band before implementation, 


Mobile radio telephone equipment should be installed at remote mine and 

construction sites to assist pilots in reaching nearby telephone facilities. 

This would allow filing of flight plans and checking on weather and over- 

head air traffic conditions. A discrete frequency should be assigned : 
for exclusive use by low-flying aircraft und helicopters. : 


The agreement among the theoretical coverage contours, the Limited 
flight test data, and results of pilot interviews lends confidence to 


use of computer-generated coverage plots as a useful communication ¥ 
planning aid. 


rete 
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SECTION 2.uU 


TRAFFIC AND COMMUNICATTONS 


2.1 TRAFFIC AND COMMUNICATIONS COVP RAGE 
This subsection provides the results of a telephone quest iunnaire 
directed to I] pilots typical of those flving regularly in this 

drea. This number represents roughly one third of atl helicopter 
pilots and helicopters based within the sample area as shown in table 
1. The purpose of the questionnaire was to establish traffic patterns, 
helicopter concentration and areas of poor communication. The major 
concentration of helicopters is in Charleston (14) and Beckley (6)3 
other helicopters are scattered throughout the area as shown in 

table 2-1]. ' 


ae i 


The base locations of 31 helicopters and typical flight paths flown by 
the eleven sampled pilots are shown in fiyure 2-1 and the data indicates 
that there are no well defined corridors that pilots consistently fly. 
Their destination can be anywhere in the areca and is primarily to 
unimproved mine or construction sites as well as major population centers. 
Flight altitudes range anywhere from 500 to 6000 feet above ground. 

In general, there is no formal corporate flight dispatcher assigned. 
Flights are made, weather permitting, at the request of company execu- 
tives or other supervisory personnel. Each pilot interviewed maintains 
a personal log ot all flights made. Just what constitutes a flight is, 
however, not as well defined as in the case of fixed wing aircraft. 
Some pilots indicated that they consider one flight to consist of a 
complete itinerary of landings provided the enpine was not shut down 

at each en route landing. 


\ 

{ 
4 
ra 


Only a minimum number of flights curry cargo or spare parts. Most 1tlights 
are for the purpose of transportins passengers to remote areas that are 
more easily accessed by helicopter than by road. 


2.2 PILOT REPORTED COMMUNICATIONS COVERAGE 


Most pilots interviewed recognize that communication to FAA facilities 
is poorest at the low altitudes south and southwest of Charleston, near 
Logan, and Williamson due to shielding by the terrain. It was very 
difficult, if not impossible, to obtain the exact boundaries of poor 
communications from pilot interviews, however, general locations were 
readily available. 


Flight test measurements made in the FAA Convair-580 (N-49) confirmed 
the reported lack of communications.! Flizht measurements showed that 
communications became unusable approximately 12 miles south of the 
Charleston airport at 1000 feet above the ground. This, however, 
represented only one point on the overal) coverage contour. Theoretical 
computer-generated plots defining all points on the coverage contour 


1 Coyle, James, ANA~100D “Appalachian Reyion Air/Ground Communications 


Investization" Trip Report, May 1980. 


TABLE 2-) 
HELICOPTERS BASED IN THE SAMPLE AREA 


Helicopters i 
Charleston 14 
Beckley 6 ' 
Nitro 2 4 
Barboursville 1 : 
‘ 
Beaver ! ' 
Crab Orchard 1 
Cl } 
ay bi 
Craigesville ! " 
Lewisberg ! 
Gilbert ) 
Logan ! , 
Mallory Airport 1 
— t 
31 
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have been prepared utilizing the facilities of the Electromagnetic 
Conpatability Analysis Center (ECAC), Annapolis, Maryland, and are 
presented in figures 2 through 5 of the following section. The ECAC 
data agrees almost exactly with the single flight test at i000 feet 
AGL. The agreement between theoretical contours and measurements 
lends confidence to the theoretical techniques as a powerful tool in 
communications planning. 


SECTION 3.u 


RADIO COVERAGE - EXISTING 


3.1 RADIO COVERAGE FORK LOWAPLY LNG ATRCVART 
This section provides the resalts ©i a theoretical investipation into 
the radio coverage provided by FAA taciliti+s to lov-ilyiny aireraft 


in the representative areca. The radio coveraye contours produced by 

omnidirectional antennas located at Charleston, Beckley, Rainelle, and ' 
Henderson for aircraft at elevations of Iu, SUU, 1000, and 1500 feet u 
above ground are shown in figures 3-1] through 3-4. {the contours shown on 
these plots identify the approximate limits of radio coverage provided 

by the indicated FAA facilities to low-flyine aircraft at elevation 
increments from ground level up to 1500 feet. ; 
This sequence of plots identifies specific "hoies" of missiny, communica- 
tions coverage to the south and southwest of Charleston and verifies the 
flight test and pilot reports of poor, low-altitude communications 
capability in this area. Coverage yaps diminish in extent as the aircraft 
altitude increases, but they persist in the extreme southwest region 
around Logan, Williamson, and neighboring areas of Kentucky and Virginia. 
This coverage gap is due primarily to relatively high (to 3500 feet) 
intervening mountain ridges just west of Beckley in the Kopperston, 

Bolt area. 


co eee 


A mountain peak near Bolt, West Virginia is located on the coverage 
contours, where, on the ground elevation contour, figure 3~!, a small 
isolated area, on the northeasterly slope of the mountain is shown 
illuminated by radiowaves emanatin,; trom Beckley. Even at higher ele- 
vations, however, coverage does not extend very far beyond this point. 


The computerized plots are comprehensive, covering the entire representative 
area, They were obtained trom the ECAC's terrain database and computer 
programs which they have developed. Their program computes the power 
density in dbm/m’ that would be obtained for aircraft at any point in the 
entire airspace above the representative area. The computer is also pro- 
grammed to draw the contours of constant power density as has been 
illustrated in figures 3-1 through 3-4. 


The power density contours take into account the terrain between the 
ground transmitter and the aircraft, the elevation above ground level 

of the aircraft, frequency, atmospheric and yround constants, but are 
independent of aircraft antenna aud radio characteristics. Coverage 
contours are thus applicable approximately to those aircraft that meet 

FAA standards.’ Aircraft that exceed standards May experience extended 
coverage, while aircraft whose receiving capability has deteriorated below 
standards may find their coverage restricted to regions smaller than 

that indicated. 


? U.S. National Aviation Standard for VHF Air-Ground Communications 
System - FAA Order 6510.6, 11/11/77 
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Computer-generated radio coverage data in significantly more detail are 
provided by the power density plots presented in appendix C for those 
who may wish to determine the power density provided at any point in the 
three-dimensional space above the sample area from ground up to an ele- 
vation of 1500 feet AGL. These plots permit determination of power 
density contours other than the -90 dBm/m* discussed in this report. 
They may be used to determine the power density profile encountered by 
aircraft flying any arbitrary flight path includinp aircraft on the 
ground. 


Coverage realized by a particular aircraft will be influenced largely 
by the VHF antenna used. In most cases the VHF antenna is mounted in 
front of the mast on top of the cabin. Other locations include the 
underside of the belly or boom. Omnidirectional patterns are desirable 
but very difficult to achieve in practice. Antenna patterns will vary 
from helicopter to helicopter. Nulls deeper than 10 db may be experi- 
enced in the horizontal pattern while 20-db variations are possible in 
zenith. 


SECTION 4 
TMPROVEMENTS - FUPURE 
4.1 COMMUNICATIONS [MPROVEMENT RECOMMENDATIONS 


This section addresses various chanves that could be incorporated within 
the area analyzed to improve the capability to communicate with low- 
flying helicopters. The sugrested changes are representative of those 
which could be evolved trom a similar assessment of other areas of 

poor communication coverage in mountainous terrain. ‘The recommendations, 
except for those related to hf radio installations are based on the 
premise that no large changes to the helicopter structure or antenna 
system would be acceptable to the many small operators involved. 


4.2 IMPROVED RADIO COVERAGE 


Computer-generated radio coverage plots oi the previous section were 
used to reliably identify the coverage provided by existing facilities. 
Reliability of the theoretical technique was substantiated by 

comparing its predictions with results of a pilot's questionnaire and 
comparison with data gathered in an FAA Tecinnical Center flight test. 
In this section we use the same techniques to predict the coverage that 
can be obtained from planned, hypothetical antenna facilities located 
at Charleston, Bolt Mountain, and Flat Top Mountain. Theoretical 
coverage contours resulting from the addition of radio facilities at 
these locations are illustrated in figures 4-1 through 4-12. Power 
density plots for each location are presented in appendix C. 


The hypothetical improvement incorporated at Charleston consisted of 
installing a high-gain antenna pcinting in a southerly direction. Results 
are shown in figures 4-1 through 4-4. ‘The plots predict that, at 500 

feet AGL and above, virtually all coverage gaps with the exception of 
those in the extreme west and in the area surrounding Williamson are 
filled. Additionally, at ground elevations, there are a number of high 
terrain areas that will permit direct communications to Charleston. 


4.3 COMMUNICATIONS TO AIRCRAFT BELOW 500 FEET AGL 


In spite of potential improvements in coverage for aircraft flyinp at 500 
feet or above, the problem remains of providing communications to air- 
craft that are flying below 500 feet or that have landed in a valley. Ti-ce 
aircraft are effectively shielded at vhf frequencies from all communi- 
cations facilities. Fstablishing an RCO in each valley is not practical; 
however, several viable technical approaches appear to offer a feasible 
solution, 


a eT aR, 


— 


4.4 ADDITIONAL RCO'S 


At least two areas have been identified where an additional RCO might 

prove of some benefit in improving communications to low-flyiny aircraft. 
These are Bolt Mountain about 10 miles west otf Beckley (discussed pre- 
viously) and Flat Top mountain, approximately the same distance to the 
south of Beckley near the West Virginia turnpike. Computerized radio 

coverage plots from omnidirectional antennas placed at both of these 
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locations have been prepared to assist ino making aav site deecistens and 
appear in figures 6-5 throurh 4-12. [Tt appears fren tipgures 3-1 throusn 
3-4 that beth these mountain ridges tend to limit) coverage bevond them 
from FAA facilities at Beckley, Rainelle, and Charleston. 


Coverage contours for Flat Top (figures 4-9 throush 4-12) failed to show 
any sisnifieant improvement in radio coveraye to the area southwest of 
Charleston, whereas, with the exceptionof the area surroundiny 
Williamson, and RCO located at Bolt Mountain (figures 4-5 throuyl 4-8) 
will provide significantly improved radio coverage lo aireratt southwest 
of Charleston. These improvements, however, are not sipniticantly better 
than those achieved by simply installiny a high-gain antenna at 
Charleston (figures 4-1 through 4-4). The cost of installins, a new KCO 
at Bolt as opposed to merely installing a high-pain antenna at Charleston 
appears to make this option not cost cffective. 


4.4.1 A DISCKETE FREQUENCY FOR LOW-FLYING HELICOPTERS _ 


Tne ditriculty experienced by low-altitude aircraft and helicopters 
in accessing the common receive-only facilities at the Flipht 
Service Station outlets at Rainelle and Beckley may he considerably 
alleviated by the assignment of a discrete low-altitude frequency 
for their use. 


4.4.2 VERTICAL POWEK DENSITY FLIGHT PROFILES - CHAKLESTON & BOLT 


To further assess the radio coverage improvements provided by the hivb-rain 
antenna at Charleston and the installation of a new RCO at Bolt mountain, 
vertical power density flight profiles of a typical tlizht between Charleston 
and Logan at en route elevations of 1000 feet AGL and 300U feet AGL are 
presented in figure 4-13 for conditions before improvements and after 
improvements. (Vertical power density profiles are obtained from the 

power density plots of appendix C; any arbitrary flight profile mav be 
obtained in a similar manner). 


The shaded areas of fiyure 4-13 represent flight altitudes at which the 
Signal at the aircraft is too weak to be usable by a standard radio 
receiver meeting FAA standards.’ 


The improvement in signal strength provided merely by the installation 
of a high=-yain antenna at Charleston is apparent by the reduction of 
shadow area. For this particular flight, improvements provided by the 
Charleston high-gain antenna are greater than those provided by an RCO 
at Bolt Mountain. (Note that the vertical contours of fiyure 4-13 are 
for altitudes above zround level but do not indicate the actual protile 
of the ground between Charleston and Logan. 


4.5 MOBILE RADIO TELEPHONE 


Mine sites at which helicopters land may extend over a wide are, so tht 
when a helicopter lands at an unimproved site, it may be at a distance 
of several miles from the location of the mine telephone installation. 
At minimal expense to the mine operators, a mobile radiotelephone svstem 
can be installed with a base station located where the telephone cable 
terminates. This would permit access to the telephone system bv any 
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trou mobade us of tvetletine nelicepters whem om fhe eround and within 
seVeral miles oto oa fe decbone teraduationd? bso om aos or oa lowecost mobile 
terminal permittia, then te ciial dive othy dni the telephone system 

trom wherever Chey fiappes fo be on Che mine site. The helicopter pilet 
could then reach the agpprepridée at: traitie ceutrel tacility in order te 
tile tlight plans, check oa weather conditions, and be alerted and receive 
aetifieation of current or imminent activity oi nearby lowelevel military 
training routes. Suchooyiipmeat, FC. approved, is available today, off 
the shelf, at romins}) cost. Phe opprexinate cost ter a trausmit/receiv 
base Slation, hardwired Pato the telephone system, ts about $5000.) The 
approximate cost for the mebide transmit/reccive unit varies irom 

about $1800 to S2UGU0. These costs seem small relatove to the 

benetits of satety to pilots, passeas rs, and helicopter investment. 


An alternative might be te clearly mark the telephon ‘tocation so that 
it is visible rrom the air and ensure a clear area «eljacent to the 
telephone facility for helicopters to land. [n this way, pilots can 
make an intermediate short flivht to the telephone prior to leaving 
the site. 


4.6 HE COMMUNICATIONS - NEARLY VERTICAL INCIDENT SKY WAVE (NVIS) 


Because of the near line-of-site limitations in the use of vhf communi- 
cations, other users, includiny the U.S, Army, are looking into the 

use of the ht band for communications to aircraft on the sround or 
flying below 500 feet AGL. 


The Army has investigated the use of short range hi using single hop 
skywave propagation also known as Nearly Vertical Incident Skywave 
Propagation (NVIS), Jt was found that a small segment of frequencies 
between 2 and 10 MHz will support reliable communications, repardless 
of the terrain or time of day. 


The study addressed the band of frequencies which, when sent into the 
ionosphere at a nearly vertical angle, will be returned to the earth 

at a near point not to exceed about 150 miles in distance and with no 
skip zone characteristics. Because propagation is hy skywave mode, the 
path loss tor all cases is 120 db +10 dB. Therefore, neither high- 
power nor highly efficient airborne hf antennas are required. in the 
absence of high ambient noise from electrical storms or traffic on 

the vand, low-efficiency antennas such as 2 to 10 percent and an average 
power of 50 to 100 watts peak SSB is sufficient when operating over a 
trequercy range of 2 to 10 MHz. 


Effertive radiation for short-range skywave propaxation can be achieved 

by causing the excitation of the entire airframe. Tail whip, open and 
shorted transmission line antennas were evaluated. The shorted trans- 
mission line had superior vain characteristics in an azimuthal or 
horizontal aspect. The open transmission Line was considered as the 
second best choice. The shorted transmission }ine had a sain of -18.6 dBd 
at 2 MHz to -5.2 dBd at 8.8 MHz for an averape gain of -13 dBd. 


Details of the ht tests are documented in report ECOM=4366. ' 


SCompact UP Antenna = Now. 19/5, Arav Ebeetrentes Commaud, Port Vormont), 


New Pevsewv. 


4.6.1 


a. 


SUMMARY OF SIGNIFICANT ADVANTAGES OF NVIS 


Path loss does not increase wit eround range but is essentially 


constant at approximately 120 +!0 dh. 


Because propagation is nearly vertical at all times, there is 


no terrain shadowing that is characteristic of satellite 
systems which require a low angle of incidence depending 
upon the position of the satellite in geostationary orbit. 
AS an example, strong NVIS signals. may be received in 


narrow valleys where satellite signals would not be 
available. 


The coverage contour is terrain independent and will appear 


circular whether over the ocean or in rugged terrain such as 
West Virginia. 


Signal-to-noise computations show that transmitter power 
requirements are modest, perhaps 50 to 100 watts. 


Low-efficiency antennas in which the airframe becomes part 
of the antenna can be used. 


4.6.2 SUMMARY OF DISADVANTAGES OF NVIS 


Several frequency assignments in the band from 2 to 10 MHz 
must be available. 


Optimum transmission frequencies must be continuously 
predicted or established via test circuits. 


At present, radio equipment is very expensive -- on.the 
order of $30,000 per aircraft. 


Antenna exciters approximately 10 feet long must be installed 
along the side of the aircraft. 


4.6.3 THEORY OF NEARLY VERTICAL SKYWAVE PROPAGATION 


It has been known since the days of Marconi that radio signals in the 
2 to 10 MHz band, when launched vertically, are returned to earth via 
reflection from the ionosphere. The big economic payoff in the early 
days was long distance communications via ionospheric refraction. The 


use of hf radio for short-range communication via nearly vertical skywave 


was largely neglected. The physics of skywaves that are vertically 


incident on the ionosphere is well understood. 


presented in the following paragraphs places emphasis on the physics of 
short range, nearly vertical incident skywave, as 
treatment which places the emphasis on extremely long range propagation. 
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The hf propagation theory 


»pposed to traditional 


7. ae 


eeoes LEE TONOSPHERE” 

Ultravielet light and a corpuseular term et ionizine radiation originating 

in the sun ionize the outer portions o: the earth's atmosphere. This 

jonized region, or ionosphere, consists o1 tree electrons, positive 

tons, and negative ions in a raretied vas. The ionosphere will bend 
(refract) radio waves enterines it as thouvh it had a lower refractive 

index than air, or a retractive index between zero and one. 


The amount of bending experienced by a wave incident upon the iono-: 
at a piven angle depends upon the etiective refractive index of the 
ionized medium, ‘The refractive index depends primarily on the eleetre 
density and frequency of the incident wave. 


If we assume that there is very little change uf electron density 
in the space of one wavelength, the retractive index may be written 


as: 
ey BIN (1) 
ae ee Fl elo rae 

where: 
= retractive index = Vdielectric constant . | 


N = electron density in electrons per cubic centimeter 
f = frequency in kHz 


Equation | shows that the refractive index is lower, the hipher the 
electron density and the lower the frequency. 


According to Snells law, the angle of retraction is piven by: 


sin Bo 
= (2) 
sin 
where: 
@> = angle of incidence of wave entering ionosphere 
@ = angle of retraction 
. = refractive index 


4.6.5 VERTICAL INCIDCNCE REFRACTION - CRITICAL FREQUENCY 


It follows from equation 2 that a wave striking the ionosphere with 
vertical incidence (@o = 0°) will be returned to earth when the retrac- 
tive index is reduced to zero because @ = 90° (the condition tor total 
reflection). Under this condition, the relation between electron 
density N and frequency f{ corresponding to }) = 0 is from equation | 


to. = af BIN (3) 


SRadio Engineering - Frederie Emmons Terman - MeGraw Hil! Beek Company, 1950 
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wr othe required cicetron density is: 


. ST (4) 


As tne :requency of «a wave returned by the lonosphere at vertical 
incidence is increased, the required clectron density increases as 
shown by equation 4, and the wave penetrates rarther into the ionu- 
sphere until the maximum electron density o: the layer is reached. /f 
the frequency is increased still turther, the wave passes through the 
layer because the electron density is nut sutficient to return the 
wave. The frequency at which the wave just barely penetrates the 
layer at vertical incidence is called the critical trequenc 

and, in this case, is commonly use} as a measure of the maximum 
electron density in the layer. 


E 7 f max = /8IN max = critical :requency (5) 


Equations |} and 2 may be rewritten: 
{ ° ¢ ‘| 
a Vi _ BIN _ sin Qo 
= i sin @ (6) 


when there is total reflection trom the ionosphere at any angle of 
incidence @ = 90° and 


sate 


gud eV qr = sind, (7) 


E , BIN pee , 
ese ON \.8IN sec @, (8) 
V1 - sin’@o 
Equation 8 shows that, at vertical incidence when @, = O and sec J = 1, e 
the maximum frequency returned to earth is the critical frequency 
E. = V8IN, but as the angle of incidence deviates slightly from vertical, 


arty 


required by NVIS, @, begins to increase slightly above zero and sec @) 
increases slightly above unity so that frequencies greater than the 
critical frequency will be returned to earth, 


4.6.6 VIRTUAL HEIGNT 


One of the most impertant quantities in skywave transmission is the 
effective or virtual height. Referring to figure 4-14, this is the 
height of a hypothetical reflecting surface in free space for 

which the travel time of the wave is equal to the travel time of 
the wave in the actual ionized medium. In the case of vertical inci- { 
dence transmission, the virtual height is the distance obtained by 

multiplying the velocity of Light by one-half the time required for : 
a pulse of radio energy to travel up to the ionosphere and back. ‘ 


31 


HYPOTHETICAL 
REFLECTING 
/ cURFACE 


LOWER EDGE ()F 


; 4 

IONOSPHERE = h'= VIRTUAL 

HEIGHT . 

NVIS PATH ACTUAL | 

HEIGHT 

PATH OF 

VERTICAL 

INCIDENCE 


| 


SV RECEIVER 
d= RANGE es 


TRANSMIT TER — 


FIGURE 4-14. GEOMETRY FOR VERTICAL AND NEARLY VERTICAL 
INCIDENCE [LLUSTRATING VIRTUAL HEIGHT - 
(PLANE IONOSPHERE, CURVATURE OF FARTH 
NEGLECTED ) 
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It may be shown, in the case of a plane ionosphere, that the virtual 
height as defined above is the same us tite height of the triangle 
formed by extending the straight line portions of the NVIS wave path. 
Referring to figure 4-14, this means that the time required for the 
wave to travel over the actual path TBR is the same as the time 
required for the wave to travel over the path TAR with the velocity 

of light. This relationship may be used to calculate the time required 
for a wave to travel from the transmitter to receiver. 


For short ranges such that the curvature of the earth may be neglected, 
the geometry of figure 4-14 shows that 


2 
tan*Go = af2 (9) 
h' 


by triginometric identity 


pS 
sec Oo = V1 + tan*Qo = Vi + oer (10) 


therefore from equation 8 


: a/2)? (11) 
— = 1+ 
= (4) 

where 


h' is the virtual height 
d is the range between receiver and transmitter 
f£ = the frequency 


N 


electron density 
In the case of a plane ionosphere (e.g., range is short enough so 
that the earth curvature may be neglected) the distance traveled 


by the NVIS as a function of ground range and can be computed 
from figure 4-14 to be 


2h' 
DS ep 
( ra (12) 


cos tan a 


where 
D) = distance traveled by NVIS 
h' = virtual height 


d = ground distance between transmitter and receiver 
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Thus ter short ranpes, say when 


300km = 18h mi 


We? 


O- ds h', h' 
then from equation (12) 
City eo = at 


Indicating that there is only a 12 percent chanve tr the -fistunce 
traveled by the NVIS wave when the yround path is increased from 
0 to about 186 miles. This corresponds to approximately | dh chanye 
in path loss. Theretore, tor all practical purposes, the path loss 
via NVIS may be considered constant for short greand ranges up Co 


about 186 miles. 


4.6.7 THE FREQUENCY OF OPTIMUM TRANSMISSION CROD) 


As described earlier for vertically incident waves, a critical 
frequency exists above which all radiation penetrates the ionosphere 
and is lost in space. As the incident ray is lowere:! trom vertical, 
less bending is required to return the wave tc earth; thus, frequencies 
higher than the critical trequency can be used (dem nstrated by 
equation 8). For long distance propavatien, a term catled the MUF 
(maximum usable frequency) is used to identity the hivhest trequency 
that will be returned to earth at very long ranges. The MUF is 
generally several times yvreater than the critical !trequency (Po 
approaches 90° and sec @, gets large in equation 8). [nn the case ot 
NVIS, however, because propagation is always nearly vertical, the MUF 
approaches the critical trequency and is only slivhtly larver than it. 


Loss of energy from the wave as it enters the tonesphere can be 
attributed to two phenomena; absorption, due tos seitiny dens in metier, 
which is preater at lower frequencies, and loss dik te enerpy passing 
through the ionosphere as the frequency increases and appreaches the 
MUF (a little greater than the critical frequency). 


Thus, in vertical skyvwave propagation there exists 4a compromise; the 
frequency used for transmission must always be lower than the MUF yet 

not be so low as to be absorbed by the ionosphere. A trequenecy windew may 
be thought to exist which contains a frequency of maximum reliability. 
This frequency is called the FOT (Frequency of Optimum Transmission). 


As described earlier, the electron density ot the ienesphere 1s caused 
by radiation from the sun, and theretore, there will be a diurnal varia- 
tion of the FOT. A typical plot showing the daily variation in the FOT 
is illustrated in figure 4-15. 


Computerized techniques exist for predictins the FOi and MUP. Printouts, 
a sample of which is shown in table 4-1, were obtained by users trom 

the Propagation Agency, I!.S. Army, Fort: Huachuca, Arizona, for 

particular NVIS propagation paths. The propayatien window can thus 

be predicted ahead as much as 6 months with reasonable accuracy. 
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Se nt a 


A practical scheme for determininy the best frequency to use for a 
particular communication system that has access only to a limited 
number of frequencies is to scan all available frequencies periodically 
and choose that frequency disnlaying the best signai-to-noise ratio. 
This scheme can be implemented practically between two fixed stations 
of the system that are less than about [50 miles apart. 


4.6.8 NVIS PATH LOSS CALCULATIONS 


t 


For practical purposes, the NVIS path loss may be thought to Le compose? 
of three component losses: 


Li = Lg + Lia + L¢ 
where 

L = Spreading loss due to up and down path distance 
Ionospheric absorbtion loss (turnaround loss) 


L = Loss incurred by not operating at the FOT 
(L, = 0 db at the FOT) 


ct 
r] 


4.6.9 SPREADING LOSS AND TURNAROUND LOSS, ld & Lta 

With the assumption of a 300km-high ionosphere (e.g., h' = 300 Km), 
the spreading loss Lg is calculated .o vary between 108.41 db for 

a perfectly vertical path (ground renge d = 0) and 109.4 db when 
the ground range is 186 miles, a change of only 0.99 db. Results 
taken from numerous soundings reported in reference 3 indicate a 
total loss including the turnaround loss Lia of 


110 db < L < 130 db 
indicating a variation in turnaround loss of 
tL db <L, < 21 db 
ta 
4.6.10 NON-OPTIMUM FREQUENCY LOSS, LF 


This loss in indicative of the penalty that must be paid for not haviny 
an assigned frequency corresponding exactly to the FOT. This penaity 
will vary with the time of day and the number of MHz removed from 

the FOT as indicated in figure 4-16. 


Figure 4-16 indicates the penalty is most severe in the early mornin, 
(0600 to 0800) and late afternoon (1600 to 1900) an? less severe 

at midday (1000 to 1400). When removed approximately +2 MHz from 

the FOT, the penaity may be as high as 25 db. Ai +] MHz removed, the 
penalty may only be as high as 10 db in the morning and afternoon and 
less than 4 db at midday. In order to limit Ly to no more than abvcut 
10 db, a sufficient number of assigned frequencies should be available 
to permit operation always within about +1 MHz of the FOT. I[f a 25 db 
penalty can be tolerated, frequencies available should fall within 

+2 MHz of the FOT. 
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4.6.1] TRANSMITTER POWER REQUIRED TO ACHIEVE A GIVEN SI‘-!AL TO NOISE 
RATIO AT THE RECEIVER 


The transmitter power required as a function of receiver signal-to-noise 
ratio is given by the following equation 


= - - G ) 
Pr beet ies ae Gp 7 Gp GIG 
where 

Po = Transmitter power in db/jiv 

L; = NVIS loss db 

S/N = Signal to noise ration in db 

N, * Atmospheric noise db/yv 

Gr = Gain of Transmitting antenna dbi 

Gp = Gain of receiving antenna dbi 


TABLE 4-2. REQUIRED TRANSMITTER POWER AS A FUNCTION OF SIGNAL YO NOLS; 
RATIO ATMOSPHERIC NOISE AND ANTENNA GAINS 


110 db < Ls < 130 db 


Transmitter Power | 
Required 


200 TW 


2 watts 
200 watts 
The power required to achieve a useful signal-to-nuise ratio tor three 


cases was computed using equation 14 and is summarized in table 4-2. 
Table 4-2 illustrates that the transmitter power requirements are medest 
and not at all analopous to what is required in leony distance h: radi: 
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4.6.12 ATRCRAFT ANTENNAS FOR NVIS 


One of the primary problems of providines hl communications to smal] 
alreratt and helicopters is the lack of physical space tor conventional 
hr antennas. The approach used by the Army (reterence 3) to solve 

this problem is to make the entire airframe the antenna by means vj 
suitable excitation techniques. [t was tound that the best excitation 
was produced by antenna concepts based upon the unbalanced shorted 
transmission line principle. 


A sketch of a shorted transmission line coupler (called a Tranline) 
attached to a helicopter tail boom is shown in tivure 4-17. Test results 
for this antenna measured at ECOM (reference 3) are summarized in 

Table 4-3. The patterns appear close to omnidirectional except for 

the higher frequencies where the airtrame appro?ches a quarter wavelength 
and the patterns take on a figure eivht shape typi.al of a dipole. The 
values of gains presented in table 4-3 show that antennas need not be 
highly efficient to provide reliable NVIS propagation. 


4.6.)]3 IMPEDANCE OF THE TRANLINE 


The impedance of the Tranline at low frequencies is highly !iuductive 
with a very small value of resistance, and a suitable coupler must be 
provided to match it to the transmitter or receiver. Jt can be 
compared to an air-cored coil, and the most efficient method of 
obtaining impedance matching is to simply bridge the antenna element 
with a variable capacitor as though it were a coil and then adjust 

the shunt capacitance to resonance. This method is suitable up to the 
highest NVIS frequency. 


4.6.14 EQUIPMENT FOR NVIS COMMUNICATION 


Several hf airborne transceivers are available today that can be adapte« 
to NVIS communications. Some of these are listed in table 4-4. 

It should be noted that equipment listed in table 4-4 is tor military 
service and may perhaps be modified for commercial service at costs 
considerably less than indicated in table 4-4. 


TABLE 4-4. SOME TYPICAL HF KADTO EQUTPMENT THAT CAN RE ADAPTED 
FOR NVLS COMMUNICATION (NOT COMPREHENSIVE ) 


ce nk me ee ee ee ee 


Approx. 198. 


sony 


rrice Vrans. Sensttivity 

Intended bred. Power ave tar i 

Antenna Use MHz Watts Tu db S/N ‘ 

Collins 718V-5 32K Airborne 2-$b Luo 
Racal TRA6900 tck Manpack 76 Lt 
Hughes AN/PRU-LO4 - Manpack 2-30 ou 


4.6.19 HF SPECTRUM AVAILABILITY FOR NVIS 


NVIS will require several trequency assignments in the traditionally 
overcrowded 2- tc 8-MHz band. Frequency assiynments may not be readily 
available to implement NVIS unless a sufticiently strony argument 

for its use can be mounted based on low-tlying aircraft densities, 
public service, and interference potential to other services present!y 
using hf radio in conventional ways. 


Before adopting NVIS for FAA use, it iS recommended that a study be 
made into the hf frequency availability based upon: 


1. Low-flying aircraft traffic densities, 
2. Interference potential with other services using hf radio, and 
3. Frequency reuse. 

The following questions must be answered. 


How much do they interfere with normal long-range ht services where 
Signals are launched horizontally and receivers are thousands of miles 
from the transmitter? 


NVIS launches waves vertically, and the service area is confined to 
within about 150 miles of the base station. There is a large skip zone 
surrounding the service area, and signals propagated beyond the skip 
zone are severely attenuated. Is it possible, therefore, to reuse NVIS 
frequency assignments in adjacent service areas without serious 
interference between neighboring NVIS systems or remote service areas 
beyond the skip zone? Just what are the separation criteria? 


APPENVIE A 


FAA ACTIVITIES DIRECTED AT IMPROVING COMMUNICATIONS TO 
HELICOPTERS IN THE GULF OF MEXICO‘ 


1.0 GULF OF MEXICO OFFSHORE OPERATIONS 7— 4ir/ground communications 


Concentrated planning efforts have been underway in the Southwest Reyion 
since early 1979 on expanding helicopter LFR/VFR operations in the Gult 
of Mexico. Various Washington offices, oil and helicopter industries, 
and all organizational levels of the region were involved. 


BB, A 000. Bers 


2.0 REQUIREMENTS 


a. Today, a large force of helicopters operated by the oil companies 
and by transportation service companies provides air transportation for 
the more than 2,000 oil and gas platforms located in the Gulf. The 
helicopters are used to transport personnel, crew support supplies, wel] 
drilling and service equipment, etc., in support of every facet of oil 
and gas exploration, development, and production. This presently entails 
about 580,000 aircraft movements and 3,400,000 passengers carried annually. 
Nearly all the operations are presently conducted VFR. fi 


b. One of the transportation service companies, Petroleum Helicopters, q 
Inc. is flying IFR offshore on a very limited basis using VLF Omega for 
navigation and company operated communications and weather observation 
stations. Fourteen IFR routes have been established in the Gulf predicated 
on, but not actually depending on, the radials of VOK's located along the 
Gulf shore. These routes are not in the common public use airway system 
but are available to all users by application under FAR's. 


c. With the increased costs of oil exploration/production, the emphasis 
on increasing domestic oil production brought on by energy shortages, and 
advancement in helicopter capability in recent years, there is now a definite 
and immediate need for expanding the operation, especially IFR capability. 


d. As a result of a November 9, 1978 letter from the Helicopter Safety 
Advisory Committee and coordination at the FAA regional’ director level, 
planning efforts to expand the Gulf helicopter operations, which were started 
in 1974 but later dropped, were renewed. A special task force made up of 
oil and helicopter, FAA and National Weather Service (NWS) representatives 
was established to explore problem areas, exchange ideas and identity needs 
for offshore helicopter activity. A series of working meetings have since 
been held, and it has been determined that the most critical need for 
expanding IFR/VFR operations is direct pilot to FAA facility communications. 


3-0 COMMUNICATIONS PLANNING 


a. A/G communications are to be provided in the Gulf area from about 
180 miles east of New Orleans, Louisiana, west to Galveston, Texas, and out 
to about 150 miles offshore. 


The primary source of this information was Federal Aviation Administ iti 
FY 1980 Cost Estimates, RIS BU2500-5, Federal Aviation Administration, 
Washington, D.C. 20591, undated internal document. 
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y 
Location Coverage 
Houma Airport (New Orleans) 506 to 7,000 feet MSL within a 30 
qautical mile radius or the alrpert. ‘ 
Only VHF communications are required tor all of tne above for use with 
civil aircraft in the area. There is ne requirement ror UHF communications 
for use with military aircraft. 
b. Engineering studies conducted by Aeronautical Radio, Ine., under u 
contract with the FAA Southwest Region engineers resulted in recommendations 
for the following 18 A/G outlets to satisfy the coverage requirements: 
Houston ARTCC Terminals KSS's 
(1) Sabine Pass (1) Sabine Pass (Beaumont) (1) Morgan City 
(2) Intracoastal City (2) Cameron (Lake Charles) (New Orleans) 
(3) Venice (3) Intracoastal City (Latuvette) (2) Venice (New ; 
(4) High Island 582 (4) Morgan City (New Orleans) Orleans) 
(5) West Cameron 587 (5) Houma (New Orleans) (3) Vermillion 245. 
(6) Vermillion 245A (New Orleans) 
(7) Eugene Island 330 (4) South Timbalier ¥ 
(8) South Timbalier 190 (New Jrleans) D 
‘5) High Island 582 ; 
; (Houston * * 
ce. Plans are to establish conventional facilities onshore in existin-e 
leased space on the airports except that battery standby power 1s prcoposed 
in lieu of engine generators. The offshore facilities are to be located on 
oil company platforms with plants items, including shelter and antenna support, 
to be provided by the owner to meet FAA requirements. Primary power would 
be provided from the platform engine/zenerator supplied svstem with FAA 
batteries for standby. 
The existing RTR facility at Houma Airport is to de used and coltoca- - 
tion of outlets is planned at the following locations to reduce the number of 
new sites that will have to be established: Onshure at Sabine Pass, Intra- 
coastal City, Morgan City, and Venice and offshore for High Tsland 582, 
Vermillion 245A, and South Timbalier 190. In addition to these 7 new 
collocated sites, 3 others are planned at Cameron onshore and West Cameron 
587 and Eugene Island 330 offshore for a tetal of 10 new sites, 5 onshore 
and 5 offshore. 
d. Remoting of the onshore outiets is planned via leased commercial 
telephone circuits. Remoting of the offshore outlets is planned via leased 
circuits on existing oi: company microwave systems between the oftshere 
platforms and the onshore terminatin: points of the microwave systems, and k 
then leased commercial telephone circuits between those points and th» 
j FAA controlling facilities. 
i | 
i 
' 


e. Current plans are to both dnetabio aad wainutara the electronics 
equipment utilizing FAA personne! io the tsual manner bat recopnizine that 
the offshore facilities will present some uew and difiercnt problems. 4 
regional contract for helicopter transportation of personnel oo oas as- 
required basis is planned. \ preposed spectai maratenance concept bor the 
offshore facilities will be developed and submitted bv separate copre- 
spondence Ce the Atrwav Facilities Service. Concentrated eftorts witli 
also be made to expedite Remote Maintenance Monitorin.s tor the of fshore 
sites from the ongoing proyram tor RCAG'Ss. 


4.0 TMPLEMENTATION 


a. The followins, priority order tor implementiny the planned A/G outtets 
was developed jointly by the FAA and oll/helicopter industry representatives 
at the October I1, 1979 task force meeting: 


(1) Intracoastal City - ARTCC and Terminal] ; 
Vermillion 245A - ARTCC and FSS, 


: (2) Eugene Island 330 = ARTCC. 4 
(3) Sabine Pass - ARTCC and Terminal 4 
West Cameron 587 ~ ARTCC. - 
‘ 
(4) High [sland 582 - ARTCC and FSS is 
Morgan City - Terminal and FSS ‘ 
i Cameron - Terminal 1 
{ ” 
(5) South Timbalier 190 - ARTCC and Fss. {" 
(6) Venice - ARTCC and FSS. 
b. Plans are to tmplement the outlets da tire abowe order as rapidly as 
pessible after funds and equipment are made available. 
: ° 
i 5.9 Status 
t Phase 1, Intracoastal City and Vermillion 245€ 
: a. Two Intracoastal City outlets, 120.35 MHz tor ARTCC and Fed. ie 
: fer the Lafayette TRACON were commissioned on August 19, 1980. 0 Bepertes : 
coverage of this facility ts veoed and somewhat more than predicted. | 
i 
j b. Following seme delays in xettin. antennas installed oo Vosviilies | 
245C and microwave Links trom the plattorm to Latavett«e two outlets Il¢.u 
MHz for the New Orleans FSS and 120.35 “He for the ARTCC were put aint 
operational test on September 9, 1980 and commissioned on September ta, 
‘ 1980. 
i 
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APPENDIX DB 


DEFINITION OF A STANDARD AT ROKART RECEIVING SYSyrY 
FOR USE WITH ECAC PLOTS 
The power density at the aireratt as derived Grom tim FUR plets ts 
\ 
Pd = 10 lor [ she ba/m , 
eee) 
ec 
where 
{ 
Pd = Power density in dbase 
Ww = Power density in watts/iu 


The power delivered by the antenna to au matched cable at 


the antenna is 


Wt = Power delivered to matched cable -walts 
W = Power density into antenna in Watts/% 
Ae = Effective antenna aperature a 


from Kraus,* page 50, eq. 3-35 tor a short dipole 


Ac = ] 19 nn 
at 120 MHz \ = 2.5 m 
.’. Ae = 1743 m° at 120 MHz 
. Wt = td 


107! [ toe" (.743) watts 


10 


1950 


*Kraus "Antennas", McGraw Hill Book Co., Inc. 


B-] 


in dba 


re 
Pr IU lo oor 
10 ; 
¢ 
ae -j Pd \ . 
Pt = WO dow 5 7 dans , sary oN Sel 
Lat lu] 
i \ 
Pte = Pd + IO Loy 743 
= Pd - 3.29 db ' 


The power into the receiver at the end vt a cable att 120 My ts 


Pr = Pt - Le = Pd ~ $.29 - Le dbn 

Pr = Power Inte receiver in dbm ri Mae 

Pr = Power delivered to matched cable in dbm 
Le = Cable loss 

-1.29 = 10 log A@ = FU Jos .1N9 Xt @ 120 Miz 
Ae = Antenna aperture in m 


Definition of Standard Aircraft Receiviny System for Jow ilving airera::. 
A standard Receiviny System has the following components: 
(1) Standard Receiver per U.S. National Aviatios Standard 


for VHF Air to Ground Communications System 6510.6 
Paragraph 3.2.3.1 


Available Received Pereent Minimum 
Carrier Power Pr Modulation (S#tN/N) 
- 96 to — 70 dbm 30 o db 
- 70 to - 10 dbm 30 25 db 


(2) A cable loss of no more than 3 db. 


(3) An antenna equivalent to a short dipole 


Effective aperture A = 0.119 }° 
or wzain over Lsetropic of 1.76 db with VSW less than 2.1. 


The power into the receiver is obtained from the power density, as plotted tn 
the ECAC plots, by means o1 the rollowine cquation. 


Pr = Pd - 4.29 db 
Pr = Power into the receiver in dbmn 
Pd = Power density from FCAC plots in dbm/m 


4.29 db includes the cable loss of 3 db and the cilcetive apertun. 
of a short dipole at 120 MHz. 


The operator may determine his coverage capability by comparing bis receiver 
system with the Standard System. If it is better he will experience 
greater coverage, if it is poorer he will experience povrer coverage. 


(a) 
(b) 
(c) 
(d) 


APPENDIX C 
POWER DENSITY PLOTS FOR APPALACHTA 
Power density plots, Charleston, Rainelle, Beckley, Henderson, 
Power density plots, Charleston, High Gain Antenna Pointed South. 


Power density plots, Charleston, Rainelle, Beckley, Henderson, Bolt 


Power density plots, Charleston, Rainelle, Beckley, Henderson, 
Flat Top 
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aca Reeteasensan 
Suassuateerenees 
OFFEE FF eros eC eM al Cet OHaREL err ere epuesE Ger arr aGGele eC eR OC oeCeaF ee CE GR ET EGER EBLE 
OFTEFOGGTEERREFCCEEFFFFEF CREF SFLCEL CES FE GGEFFE GGFFE ME FEE GF EE GORGE GHOGGOSGGCOGGLUGHHHGGGHHES CHP Meh PHOT ee 
EGER OTR E CORE GEESE EERO EERO ER ES EFL EET ERE ES LUFF ESO OGGCGOF GF GG GGGHHE USGE GOUGGGF CGHHHGHE REM! OFT TMM MMO GH] OOS? 
SEECE GEOR RUFEFRGEFS TR ERO OE FEE FFFEE FE CEFFEELUGFELE EOF TOFFEE TGC SGGGGGGSHOCGE GHGHGRHHRMRE SG UL GKMMN TRC ee ee 
FROG ERO ET LESTE CE SOLERO RF ERROR ECE RFR ER GFE REEF GGL TREO GME FONG GGOGE UGE GE ONE GHUGKE GROG GH OMNI THM G 
FORE ECL EO FF ERC EGF ECRFEFFIE FED ESUPEFFEES OOF FCCGF FEE EME GO MHOP HMO GGEOGFGGGHOGEGFMGOGHME UL GHEE TINT Pe oy Tame! 
CR OOCF CEFR O ETE UFFEEFGEEEFE ERO CFR GFFE EF ER GEES COGSFFEE RSC OG HSGHHS GL GOGHHE OOGF GGOGGHENGHOC GH GLNHAS CHM LMS! 
GGFEEEER FESR ERR ECE OE FERER FER SESE RRR GFEF FFE OGGERT RE UO GEO GG5® CG SSGGGGCHGEE HHHGGGGSGGGNEGIOLS UMM OM] MI Gene 
OFER SGEFE REG FEL GFOR EE PR ERFORFEGFEFFFFFEE SFOGREFFIOGEECF RFE OLGFOGGGFEFF OGHGGHOEESOGHGHHT GLHGNOLCHHHHMHE KWH! 
ESGGFEGGFFFECGFRFFFFFODOOBACFEFFOR EF EDEFFER GS CFFFLEFECF RFE ECE OFRGFEF GFF of GOGGRGNHGEGCHHELSES GIHMNGHHCLHOMMG TIO Oe! 
OGFGER OG ER EEE GFFFEFE CREPE CALLCEF FEE GF FE ER ER EE FER CEFFEFS SERECGOGSFE GGUGGF GF GF MG GLMEGGHGLE GHHJHO LM) HMR] Oe 
OGFGFFFGGGEFE EF USGFGORPFF EF FEGEFFFE ER FE OEFFEOCENCOCE RF EC EFE IGOGFEEE GHGFFGGOGGHGHHHGI CNG OGNGHGOHMEM HHL CMH ee 
FORE FR GEF GEE GEGEGGFEFFEFFODEFEFFOGFEEEFERECCEFEF IEF FE FEF EGGGE GF IE RGGFFE GSGFHHGHGI] KGHHE FE GUPMOGNSCHHHNG INHMH Oe? 
DGEF FEF GOGO GGOGOLGHGGGFEFEFFFIFGGFERFEFFFEF FF FFORFFEFFOGLEFSGGGEELFHFE ELE GTI GHGGGF GGGHEGF GHUGEHHOGT] HMMM! 
EGRET FUGUE FERUCT FUGGGEEEGEFGFGFFEEFECFFEFORF SCF OGFEF FI SEF ELE MLE EF OF RGOSCF HFIP CE TOGGOF GT GHL HM TM UMCHMMT Le] eet 
FOE GCOGLSFSFEEFHGLGFOFEFFESEFFGECE FOE GGFFECFEFCEFFEFFOEFFFFEGFGF SEF OGSGGHHE MHC UF GGHHMO GF MH OTKE OS GHHNGHM Hees 
FE GE GGFE OS OPFOR EF UCGGFEGLEEFFOFFGGFECOFGFFFOEFFFOER FF EDQEDE FFE EF EGECFCGEFF FF OGEOFE FEE OCGHIGGGE ROH CHHGOHHNGGEHHM EEE 
OF GOFTSCGFFFFF UL. EF GF OGFGGFFFFEFGEE DF FOF GFCFFECEF LE COOCOFCODEEFFGUCGGHHHOGEE OFS GO OSHHHGHH] SHHMM TOM OOK MOOS 
KROFFFFCOGGEFFEFFFGOFEF GGGEGFFGFFOGEFSFEF EOF EE MCE CMOCRCODODENODE FGEGLE CGF SGEF EUS GLE MME GGHHO WMO WMHMHM GMA Re? 
GGFEFEGTGPFEFERFFFFEFF GCE FGGGGGEFFEFGFUCEFEFFEBEENCCCCRCOE ODEF GGGCGOGOFFFGFFE SHE GLHGI MG CHHHHHHRH DWH ee? 
COGGEGFFGOGEEFEFFFFGFEFMFCGHGGGFEFOEFEEEEL FF OCEFLEOCA ACODDDEFFGSGSFRGOF EF RGHGI CHG GHHGGGGHGMMHRHHHM THERMO 
GOGFOGCECGGFFFCSFFFFFFECSHOGCOFFFEFFFEFERFEOECOCCCCCODEFOEFF GFF FE GLSHHOGF GHOHMHTGGGGKHHHHWHHE [HCH TTT MMMW et 
GHHTMGOGGGF IGF OGGEGGGEGGGFFGGGFFFFEDFFOFEREC ECE COCOCE OEEEEF GGFGGGGGFF GGGGHIGGHRGOGFHHF HY PPM NMG 
BUHGGGGFGFGGHINF GIFS FF GCF GGOFFGGGFFEEFSLCOOCOOFEEF OEFSECLFFEEGFFER GSFE HE DF MGR EHHEGHHGO GGHGGHHHNM OP MMINGGHWHOOe eR 
TE CHE CSR OGEEFFEGIOSEGCFFFGEDEGSEFFFE CC COCCEFCEGETFFFFEC EEF GGOFGFECFFE FFE SHHHKBKMA GE OOF MRM HE GMM GMM 
ECU UMHOTNGHEC ECE OS ROOT CCE ORE GFERFGFFOE CCC BSCE EEE GESOFFFEME FF FEF EOC GLOSE GWE GHGOT HO GOHME GML HHLCL IT OS RRM OM MMMM 
OUR OT EG IHF IGGL SOME GCSGGGERGFGGFFFFFFEFEOCCCOOOSEFFFEF FOE FF FFFFOEFFFEFCE EE FES MRE GO GOHMGF EMME CC MN(MHME GMO 
FEE THE OGGOFFRGCEGGFOGGGGFFFGGEFEFGECCCOOLCOF PFEFFFFFIGFGFGEROCFEGCCLIOFEE S TGF RHE GE GGNGUUHRHN SGM SHAN GUM GHM GNM EB 
HH GHHOCOFFFEFGGGSF SF OFF EGGFGGFGGSE OFFFESCEFOFFFEFGFEGGFGGEFFFECCCCCEFFSHMGE SG GHG] HHO MMH OSC GHMNM SL GHEM CGE 
COGHOGSIFFFGGCEGIGGFEGHGGGGLGGEGLFOGFFFFLELE GET GGFOGEFFOF GFE OOF DCOEDFFIF GF FS GCF YG) LR HHHHGHMO Ch GHHMMOMMUMCH OOS 
CEUGHIWFGGNICGOFHGSFE OF GGGGFEGOFSEFGGFOOFFFFOEF FOOSE EF FE FOFFMHEFFOCCE ODF FGFF COM IHR GFE EGGM ST HRHGGHMHGE GGHGMES 
GHGF HHG OF UGGNGFEF GOFF FE GERFEEFER FE GE FGGEGEGGOFEE GGF NE GF GF GF GOGGGFECCCF RGF CGGGHOF GCGFEGFUGMIL IT GOGGRGHHUMGLHMMGOe 
AFF GGGOGFGFGGGGGFEFFFFE EF GF GGFEF SGGGFFE GGE GGGF FE GGGAGFEFFEGFOGFOFE CCE GFFEGINFEGGSCGMFSGGLGGCGGHKOCOKH] JHGGHMMO RE? 
OF GEFGOFGF ECE GR GGGGGGUGGGGG5F FE GFE GGFFGGFEGEFFFFOGSFFRFFEFFGOFFEEFGCIGGGOGG LHGGE O GNF HGGOGGGGGGGGGHOGHIMHGHHGIT Hae! 
FMUGOCGFSGGEOGGFEGFEGFGFFEFFFGFGGFFEE GE GHOGFGGFGOEFESEECOFFEFE FEE GGHGHGGEGGGCUNGIOF GFUGFGORGGGUME GF ORMMMGGT JHMM ee 
MHOGNGGESOGFOOFEFEGFFFEGGGCGFGGFSGFFGSCGGEGFEFEFF GFE GE SFFFFE RGF HRIIGHGOGGIHH LRM CR MIG CGF GE GGHGC MORE GHHO GHW Eee? 
GGGGHF GF OSGFGFF COFCO FF GF GGFFEIGGFOGFSOGFFFFEFECCE FC GGGRGSGGEFHGHOGHHI HGH IT CHMHOHE GMT RGHHYGGHE OGG GGMOGHGl OR? 
CGOFRRLEMGE OC SGGIER SEANEF GES GGHHGOGLF OE GHEE GP HE FC GF MP EGGKEFE FE GBRHE HE HHH GOGHUG IT OGHOGL IF GSMO OCE GE ONGE IMME 5 Boe! 
BRO GNI MME OHGLGGGSES LFOGGGGSGFS SF GUGCOGEOFFF GOS GESESSES GHOF FFF GGHGF IG UH LGGF GG UGHOEF GGGHHGGOMETGGGS SNS GOGMGF ER at 
HOE GSGGGHNNGEGOEFEI FFE GGGE GEOFF FE GGOE HE GMHEHGCR EE OCHGEFEF IS GEER EF GGIE TE GHGRWE EEE GRR GO GNHN GGG GMME GCL OME ENG COe 
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MGGGOF GGGFNFOGSGCF OFFER GGFOGEGFFFFGHGGFE THHGFHGGFE OS SOHGFFGF RG OF EMG ONG GK HHGGE CHO GROG INKHRONE GONE ET CORGOMMOGGF OS 
or oe aes eee HELE GGFF SAGE FEAF GGFEOGGGGGGHHE FHGUSGHGRGOGGF GHGHGFFGOFFFOGE GU aC HOOF NaH ew eG all oe see srensucen 
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COCOC{ AAA © APPONEHASTASP FON EN SFU MENCNNNOK INCE OC eet Caer lar eebaar el eel aaa eee Cesc aeee anaes COeCH OFT BseeReD! 

UOOIOC CSA ACAMEPUPRACCOOOMNANNCHOOCEOECOCOONCOLCEFEEFEFE FEF ES LOEEF FFL SEF E FE OOF FCGCGEOSGGG6G6 OEE STOMOCUGC( Oeee? 
BROQDDOCOACECOOCCEETHECCOCCONMOCCODONCOCOOOCOCCOM CCCP EF EFEEECLCEEFFEFF OER FOR FREI FEF GGESOGGOGGIGCE EOS COLE SCOT UEC Cae? 
#OCDODE DCOPONDDNDCLOCCCCCCONOCONCCCCCCCCCCCCCOCCLE LE ELE EE SOECFEEFE CF FFF EFFEEEFCGSGGGEGGGSCOL TIGL GS GEGCE SO Be 
COLE EEE CODDCECODODDTOPOODDODCCCCOCOCCECCCOCNOCDEDFEF LF EEEFEEECFELCEFFFGOGFFFEF GGGGGGG6G66G6h65LG0565CEC5CG6LGGEN8' 
ECEEEEE® EDOCDE DOECDDDDOODOCCCECCCOCCCOCCCCOONOCCOEEEES FEF LOMELECOFELE FFE GFFEFFGGGGGF GGFOGEGGEILSGGEGGCGGGC HEED! 
BREECONMEE DPELECDNOY CODCODDCCCCCCCCCCCCCCOOFES COEEEL EF ECE FOC EE EF EGFE FF GF GFEFEFGGGG6CGGGGGGGG6565( GOFG6LEGOLGCPAE? 
#ORSEEEDDODODDDDCDCONDVUNDCOCRBACCCOCCCCOUDONE EEF EFFOOXOINOLIOOOEL COEFF GGFFGEEEE GGOCGFGGGGGG6GGGGGCGEEESGG66Ch65S een! 
CEECEDDECOOCCOONOCKCCCCCBCRBSABBCCCCOELEEDEF NN ONEOCANOGCNNOUNCOAO DE LF RF FFET ER EF GFEGFGGGOGGGGSOCGCESECSSCOGCGGCOee 
FEELEEOPONDOCCCOCRCRBABAA BCCCOCOEFEE DEEL ECOOCOCOCNOCONODUCOODEDFEEFFEEEE EF GFF GFERGGFGCOGUCLCFEOCGGCSOGG ROE? 
WREFLELELCELODOUCONONCCOCCCA ACCOONE OE EE EEL ENOCONDICNDONAONDOANNGOONOCEFFEFFEEFCGFGGGGGGGFFOOIGF  FGSGGGGG°( 5G SOB? 
EERE CECE CE EE DODDONONCOCCCCOCCCOCOFODENENLOUNDNONONCOCCONONDOONOFL NEE FE COEFF GGFGOGCGHMGGFFFFFFGONCGEGSERC SGCOCG MOF! 
OBFEFEFEELFECFEEEFENMDOOCCCCCCCONOFEEDDDNONONONONOCCCOOLDONCODE NCUNE EC NF FEEFFFFGGGGFGFFFFFE GF GOOF UIEAG! COC6MEee 
OCEEFFEECCECELEFCECFEFONCCCCONOEEEES £EDOMDE ODOC COCCCCCIOLNCCCONCE OODOEEFEEFFEFFFGGFFEFFERFFCFFGSCOGLGGGRGGMA SOO! 
FEEEFEFCOFFEDLFFFEEEFNCONCCEFSLFEFECOOEDDPONCCCCCOCCUCCCCCONELNONOOF EF EFRFFFGOFEFEF CE FEF CEE US UC LG ROO WMG oOo! 
eFECEFEEOFEFELOFELFEFLEENNODELE LCE LE OFLOOCCOCCCOOC COOP NCNM DUEL DE EDUC FCF GGGGFFFERFEGGEFFEI GAS UOC OSM CEGC GEER! 
OFFCEFEECE CEL EEL EFEEOLFEEE EC OEDEEDEDOENDCOODFCCCOCACOCARCNCCCOCLODOEEEFFFFFEEL FOE FFF GGCUCLFL! GMMT GGL OCCUR Meee 
OFEECTFFEEEEFEFECFFFEEE EERE CEEEEMDFEDOCECOPCODCCORSFORS BA AC CCCOCOCOCLFFFEEFFCEEE FOE FF GGOGHEL CUS MEH SUSE GN Oe 
OFFFFFFFFEFFEECECFEEEEEC EEF EEL EFELODONOCCCOO CRABS? AF ss ARBACCCOOFOFEDEL EER LC CEFF RF EF GCOGCIL I GHRHME EGLO ee 
aFCFLFFFFEFFFFOROFEEOFEENNDEEEFEEE DUCONDCCCCrocrraa MAAPECINOCECEECEF EEF EEF FOFFE FFE GGEF GC HHH OMG 
aOPFEETEFFTOFLOUFEFOFEFLFOFOFEPDCCCUCCOOCONCL HP aa AACOCODFEPF FETED FSFE LE CEFF EF GOUGE EGC HMM NOE EC MMGG LMG Boe? 
BOLOLOGF FOF FFEF EPL FE FR FEF EL FEOELCENCCOEOCURNCOC AAA R ACACCOCUFC CE FER FF EF OCF FEEL EGE OF EFL CSE Gib OC pe ee 
GOTFOTOCECF ECE FP FE FU FIFE CEE EF NOULCOLCOCCHPUCCOCUPRP ET ANRACOCOUDUDNNONUL OECFE EF US LE GGGGE GE CHINO LHHHMGHH MH ee 
OCFFFERELOFFFFUFONC EEE ELE OOPELOCCCCPRPARBPCCOPCNICE LC CCRACCOUCCDDUNDODFFELFFGLGGOF FEF FG GGHHHKE AG GGCHGCHHHMMMMOE 
SC FFFFEEEFFFFFEEET EF ODLEEEDODCCCCCCCABRAAAMAACCOLCEF ENC CCACCCOCNODDNODOFECDE CF FEFFFFEF GGGHHMMS CHOGGCGHHHMHHMM eee? 
OFFEFFFEFEFRFFEEFFEFFEECEFEEONDCCCCCARBAAR © 9OCCOOFECONCCCODCCONDONPONEFE ODE FFF FGOCGFFFFFEGCOGGGFESGGGRGMMNHHOE U 
OFFFEEF FER FFEFFEE CEFF EFEFOEEOOCCOCCARBARAAARECCEOFL OOGDE FEE DQCQDDOPODDDNE EF EFF FGGGSGFEFFGUGGFF CG HHEWHEE OGL ORRE! 
OFOFRFFFFFEoFREFEFE FEF ECF OOCOOCCOCCP NRA ABRBPCNOOCE ONL ELE LF OOONONOREL CF EF FFE FOLGOEFFEGGGEGEFEGGGT GNHMWWOS OOS! 
eFFFO FRR FEFERFREEEEFFEEFEEE DOOCCODCCBBEBCCCCCOFODEFFEEEDEDFF ODODOCDONDEEECEEFFFEFFEGUCHGCOGGI OFFI FE CGCHHHHOGGG OR? 
OaFFFFFFFFFECFRREFFFCERF OF EEC OOOONODEDCOCCCCCOCNOECOLCEEECFKEE EOOCONODEF EE EF LE OCEFFGG.GSGGGFGGGGGFGGHMHMHNLEG SEB! 
OrFrerrFFFEFEEEEFFFFFEEF EEE FEE OF EODDDCONUCOODOEIDEELE ELE OFEEFLOODEEELE EE EE COFFCOGGE GGGGGGGGHEGGCCOG565HHH POR! 
aFFFFEEPRREFFFEFFFEEEECEOFEEEEDEE CODECEEECEFEFEOCOCEEEEFEEFFFLOFOCCEFFFFFGFGFFFFEFGGGGFGGSGGC Eh GCGGCEGGHHMMES® 
eS FEFFRFFFFEFFRECFEEEEEE EEE ODE DEES OCOOEFEFCE EECOCEEFEEEFEFFFEE EHEC EFELFOGFFFGFFFFSGGOSGFFCGGCGGEGGGECGGGGG SNF! 
WOUFFFFFFFFEFFFFFEFEEFCEFCEEL EOOCODDOEFEECEEFEFEFEFERCEEFEFELECFEFELE CF GFFFF FFF ES COGLFFFGOGFFEGGGGCGhUGGGCGSOES! 
erFF CFE rFCFFFeLFEEFCOCFECECEFEFET FE OOFEFCEECENCFELEFEFECLFECR EFFEC FF EPEFE FE PREP GF FE GFF EFF GGGF GC SGLGGGGL Ee! 
aFFFOFEELEFFOCLELFLEELLCCEFECOF CE FFE CCF EC CE OL EF FOEEF EE EF EE FCF FFFEFGFEF LE GOGGOGFE OF GOCEFFFFFGOCGCUGGCOCGSLGCGGHOE! 
eaFFFOFFOEFECFEFEFLCFFFEE CEC EFFFEFEFFEFEFEELNOCEFFFEEEFEGEFFFFFEEGGFEFFEF FOR FEFOGGGGOGFEFFEFFS BUGCCGhGSGGGSGHGC Be? 
arFFFFFOFFFEFOCECERCECRFFECLEEERFFFFEEEEFELODEL EOCEEDEFEEFFFFFFFGGFFFFEEFFFFFE GE GE GOCGGEFFGGOGSOSGEG*COGHGGSE 
asFFFEGFEFEFFECC ECE EEF FERFFEF EF FFFEE CEE EDEEDE EEE OLE OODFGFFFFFFFFFFFFFEFFFEF GGGFFF GOGGGGFFGGCGORECGGGGCGSGCG6G8 
auFFFRFEFEFERFFERFFFEFEFE CR REEEREEFOECEEEOCEFFEEFFCOOOFFFFFFFFEFFFFFEFFEF FEE GFGFEFFEFE GGUGGFOGGCCSGCGSUFUGGGGCee! 
OFeFFFFFFGGFEERFFFEEFCERFFRFFEFEFEFEEGOCFFEERFF RE FFE FEE FE GEFEFFE FFE RF REE EE PEEP EER FEE GOFF EF GGCGOGFOSFOOCCEGGSOCCGO8? 
FROEFEFEFFEFOEFROFFEPFOEFECEFFFFFOGGFFF FF OF EFF FE werer errr or eacert tsece 
ees eonace serenuverhuen 
oRueutunens Osueceucenenues 
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¢ CCCURn oe MRPARE TW IBABCOOCOOMEMOPOF LE LEEPER EELS CPO PENOFFEL ELE LF EF ERT EEE PEL EERE GGSGEE OGG AE ee nGG ee 
‘ POCL IEA AEP ARAB ANAMARCCOOCOMUOPFESNOOCE EEF EGLO CE EL CE OCEE COMES EEE EEE FEC OE CFE RGOGIGSE EGG COAG CGOSCEEGLe 
: CTOT STS ARE EOCTCCCORBCCCCCECMCCOOOCOCOFELE PEELE CCECEP GORE LER E TET EE TERT EEEPECGGOSGOGUL SE NSO SE UUGGHUGEGGS 
£ MOTO TO PAP TCIONE TONE CECCCCOCOO COCO COC MEEEE ES ET ECOMONOFOIFFES EE ER CELE REF EEFEE FC GOCGESFE GRC ELCSE IGN SGOGGGCESLE 
£ PONOT OC TNS WO IOOONDOOCCOCCCRCCOOCOCCUFEEE EEF COPCOPONONONONSHUOOF EE COLE EE EE CE GGGGFFFFEF GCG GSCRGLGGGCEOGGGE 
. 

’ 

’ 

’ 

' 

' 


Spaeseeaelsgeaes 


FAUT DB LEE DOR ANION CCANUCBNARPCCOCOEP ELE NCOOT ETO IOP ONCE PPUOOPEFEEE CEL FECL EF FE GGF FFE GGG! OLROOCOESOCGOGG Be 
CUTE PEL MANHOLE OCP RACE ERMC CUP EEL ROOM EEE, CORO ODE OTL OCP PEEP EE EP ERLE ROGEE ER SGCOS CRGEEIET SGOT UGL OEP 
ENDOCR LAOS MEO COCOCOHEP BAAR MARKO PY FOLGE Poot FOP PURGR ON A, OAL Tre REE EEG Cre CE CP ERLE GEGS 
POONLAT NCCE CCH IAT Aaa BANE hE EUPEP OTE ECT PEEL PONCE LT HORS COELFLE UE CF EP FFE CE GEER L ECG CGE EOL GOGO DB 
FREEFCODCGDC ICCCCOCCC CBR BACCEULON I POUULNTE ECCS CE TEC OC EC CEMCPONONLFEFE LCE GLEFF FEES FREE GCE CF REG GGLOGOGGE 


CLEECICOTUNDDOO EN COON CABBBACOONMUSUNVONNMUND OO COCOCTECOOCS COMP OCC UND COFFFEFUSFFFFFFFEFFOGFGLGCECG GCGGGGGERE 
FLEEL EF EE COOTLOUCDE DODCCCOCCOCCUCEPDCONC CEO CECE COCO OE COCO COLI OC SND OPCGEEERFFEFFFFER EEE OP CF EFC CGGGFLGGGG ABE? 
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APPENDIX D 
ANTENNA TEST DATA 
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Characteristics of four modern antennas, listed below, are ineluded tere i: 
possible facility improvement. 


‘ 
4 


1. Decibel Products Model DB~224 VHF Gain Antenna 
2. TACO Model Y-102B-130 VHF Directional! Yagi Antenna 
3. TACO Model D=-2261A-1 Omnidirectional VHF Antenna 


4. TACO Model D-2276 Omnidirectional VHF Antenna 


The characteristics of the high gain antennas, 1 and 2 above, were measured 
at NAFEC as reported in "Test and Evaluation of Air/Ground Communications 
Antennas" by James Coyle, June 1978, Report No. FAA-NA~77-39. Appendices 

G and V of the NAFEC report, which provide the test results, are included 
herein. 
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APPENDIX G 


DECIBEL PRODUCTS DB-224 VHF GAIN ANTENNA 


The DB-224 antenna shown in figure G-l is a vertically polarized omnidirectional 
or directional gain antenna that was aesigned to operate with a center frequency 
of 127 MHz. This antenna was manufactured by Decibel Products, Inc., Dallas, 
Texas, weighs 35 pounds, is 23 feet 9 inches long, and cost $230.00. Due to its 
size, the DB-224 antenna was shipped to NAFEC in two 12-foot sections for ease 
of handling with each section consisting of two folded dipole elements and a 
cable harness. An omnidirectional radiation pattern is obtained with this 
antenna when all four dipole elements are evenly spaced every 90° around the 
mast. When all four dipoles are aligned on one side of the mast this antenna 
has directional characteristics and is designated as a DB-224E antenna. 


FIGURE G1. DB-224 VHF GAIN ANTENNA 
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FIGURE G-2. DB~224 GAIN ANTENNA 


VSWR measurements for the DB-224 antenna are shown in figure G-2. The numbers 
on the left side of the graph represent VSWR values at the antenna terminal 

and the numbers on the right side of the graph represent VSWR values with a 

$0 foot length of RG-214 coaxial cable between the antenna and the slotted line. 


Figure G-3 is the vertical radiation pattern for the DB-224E antenna at 

127 MHz. This vertical pattern shows the peak of the main beam to have a 
slight downward tilt and a 17° beamwidth. Figure G-4 is the horizontal 
radiation pattern for the DB-224E antenna which shows the offset directional 
characteristics when the four dipole elements are aligned on one side of the 
mast. 


The gain of the DB=224E antenna measured 6 dB above the standard gain antenna 
(+6 dBd or +8 dBi) at 127 MHz on the peak of the main seam, as shown by the 
standard gain antenna dots on the radiation patterns. In the omnidirectional 
configuration, the antenna measured 3 dB above the standard gain dipole. 
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FIGURE G-4. 
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TACO Y-102B-130 VHF GIRECT:LONAL YAG: ANTENNA 


The Y-102B—130 antennas shown in figure V-i are vectically polarized 10-element 
directional YAGI antennas that were designed to operate across the VHF A/G com- 
munication frequency band of 118 to 136 MHz. These antennas were manufactured 
by the Technical Appliance Corporation, Sherburne, New York, and cost $202.00 
each, weigh 12 pounds each and are iU3-inches ‘ong and 50 inches high. The 
antennas are shown vertically stacked 10 feet apart and connected together with 
a stacking harness to permit increased gain and skewing measurements. 


FIGURE V-1. Y-102B-130 YAGI ANTENNAS 
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FIGURE V-2. TACO-Y-LO2K-130 UIBPCTIONAL YAGI ANTENNA 
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shows a 50° vertical beamwidth. ‘The single antenra o rizenta: ragtation 
pattern in figure V-4 shows a horizontal beamwidth o: oo . Figure V-5 is the 
horizontal radiation pattern tor twee antennas vertioviay stacked and skewed U0? 


which shows the horizontal beamwidth was reducea trem 62" tu tu® by vertical 
stacking. Figure V-6 shows the huorizental raciatien pattern at 136 MHz when 
the antennas are skewed 90° and tigure V-7 snuws tie borisontel radfactton 
pattern when che antennas were skewer |4i)' 
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